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Hybridization has been attempted extensively in many combinations of sea 
urchin species. However, there is no report on the crossing between Strongylocen-
trotus nudus and Stron_qylocentrotus intermedius widely found in northern Japan 
(Of. MATSUI 1966). In the present experiments the crossing between these two 
species was examined. Some of these eggs were fertilized with heterologous sperm, 
developing into plutei. 
Cross fertilization is very hard in certain combinations. Only a few or none 
of the eggs were fertilized by heterologous spermatozoa in the combination of 
Hemicentrotus pulcherrimus female and Glyptocidaris crenularis male, and their 
reciprocal crossing (OSANAI 1972), but they became fertilizable with heterologous 
operm after the treatment with proteases, such as chymotrypsin, pancreatin, papain 
and pronase (OSANAI 1973). In the present combinations the heterospermic fertili-
zation was remarkably lower than the homospermic fertilization. Thus, an attempt 
was made to promote the cossing with proteases. This paper reports the data on 
the cross fertilization and the hybrid characters. 
MATERIAL AND METHOD 
The materials used were Strongylocentrotus nudus (A. AGASSIZ) and Strongylo-
centrotus intermedius (A. AGASSIZ) collected at Asamushi, Aomori. The gamates 
were obtained by injection of 0.5 M potassium chloride solution into the body 
cavity. Filtrated natural sea water or HERBST's artificial sea water (modified by 
MorOMURA 1938) was used as physiological solution. The proteolytic enzymes 
used in cross-promoting experiments were pancreatin (Tokyo Kasei Co.) and 
pronase (Kaken Chemical Co.). These proteases were ilissolved directly into sea 
water. 
1) Con~ibu~ions from the Marine Biological Station, Tohoku University, Aomori City, 
No. 412 
37 
38 K. OSAl~AI 
Fertilization was judged with fertilization membrane formation in non-treat-
ing experiments, and with cleavage in pronase-treating experiments because the 
fertilization membrane was not formed. The fertilized eggs were allowed to 
develop under room temperature l8- 20°C. Not only the homospermic eggs, but 
also the heterospermic eggs developed into plutei 3- 5 days after fertilization . 
EXPERIMENT AND OBSERVATION 
1. Crossing and fertilizability . 
The S. nudus eggs were inseminated with S. nudus or S. intermedius sperm. 
Th~ eggs were almost fertilized with the homologous spermatozoa (average fertili-
zatiOn 99.3 per cent) , while only a few or none of the eggs were fertilized with 
heterologous spermatozoa (average 1.4 per cent) (Table l ). The S. intermedius 
eggs were somewhat ferti lizable with S . nudus sperm. The percentages of fertili-
zation (average 14.2 per cent) were higher than the reciprocal combination (Table 
1). 
Table 1 
Cross ferti lization between S. nudus and S . intermedius 
Combination / Fertilizationu (o/o) / Average 
N x n 1 100 99. 7 98.9 99.6 99.6 99.5 1 97.8 99.3 
N x i 0. 6 0 0 0 4.4 
~I 
4.1 1.4 
- - --- - --- ---
I x n I 9. 2 7. 7 28. 0 17. 1 8.9 14.2 
I x i 100 62. 6 98.4 73. 7 99.2 86.8 
. . 
1) Fertil izatiOn was JLtdged with fertilization membrane formation . 
~bbrevi~tion: N, S nudus egg; n, S. nudus sperm; I, S . intermedius egg; i, S. 
~ntermedms sperm 
Figure l. Stmngylocentmtus nudus eggs (a) and S. inte?'medius eggs (b) inseminated with 
~· nud~s sperm. Twenty minutes after insemination. The spermatozoa are trapped 
lll the Jelly coat around the S. intermedius eggs. 
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When the S. inte~·medius spermatozoa were mixed with the S. nudus eggs, the 
majority of them were aggregated and trapped in the jelly coats around the eggs 
(Figure 1b). This trapping was not observed in the homospermic combination 
(Figure la). The S. intermedius spermatozoa seem to be irreversibly agglutinated 
by S. nudus jelly substances. 
Cross fertilization is known to be increased by standing eggs in sea water. 
'l'he Strongylocentrotus eggs. were placed in cold sea water ( 4 °C) for about 24 hours 
and then inseminated with homologous or heterologous sperm in fresh sea water. 
The heterospermic fertilization tended to increase after the treatment (Table 2). 
Table 2 
Increasing of fertilization in Strongylocentrotus eggs 
standed in sea water 
Fertilization (o/o) 
Cross 
Fresh eggs I Standed eggs 
I x i 98.4 100 
Ixn 28.0 46.3 
Nxn 98.9 99.2 
Nxi 0 0.4 
The eggs were preserved in the refrigerator for 24 hours and 
then inseminated. The controls (fresh eggs) were inseminated 
immediately after spawning. 
Abbreviation: Same in Table 1. 
2. Protease-treatment. 
The heterospermic fertilization of the S. nudus eggs was very hard, but it was 
promoted by protease-treatment. The S. nudus eggs were exposed to 0.1 or 0.2 
per cent pronase-sea water solution for 1-20 minutes and then retumed to ordinary 
sea water. Immediately or after washing, they were inseminated with S. inter-
medius sperm. The fertilization membrane was not elevated even in the fertilized 
eggs, because the vitelline membrane, one of the precursors of the fertilization 
membrane, was digested by protease. Thus, the fertilization was judged from 
cleavage, which was counted 3-6 hours after insemination. The cross fertilization 
was remarkably incresed by the pretreatment with 0.2 per cent pronase for a few 
or several minutes (Table 3). 
The cross fertilization was promoted also with pancreatin. The S. nudus 
eggs were treated with 0.1 per cent pancreatin-sea water solution for 1- 16 minutes 
and then inseminated with S. intermedius sperm in ordinary sea water. About 6 
hours after insemination the cleaving eggs were counted. The percentage of the 
heterospermic fertilization increased from 4.4 to 46.7 by the pacreatin-treatment for 
two minutes (Table 4). These results show that the corssing is promoted also in 
S. nudus eggs by protease-treatment. 
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Table 3 
Heterospermic fertilization of pronase-treated eggs (S. nudus) 






























(C) (D) (E) 
0. 4 4.4 0 
17.4 46.5 25.8 
18.7 56.1 29.4 
18.6 49.2 20.7 
24.0 48.7 22.5 
13.0 42.7 -
27. 8 - -
99.5 99. 6 I 99.6 
The S. nudus eggs were pretreated With 0.1 (m A-C) or 0.2 (m D, E) per 
cent pronase solution, and then inseminated with S . intermedius sperm. 
Homospermic control: Non-treated S. nudus eggs x S. nudus sperm. 
Table 4 
Cross fertilization of the pancreatin-t reated S. nudus eggs 
Pretreating time 
(minutes) 








The S. nudus eggs were pretreated with 0.1 per cent pancreatin-sea water solution 
and then inseminated in ordinary sea water with S. inter-medius sperm. Homospermic 
control: Non-treated S . nudus eggsxS. nudus sperm. 
3. Hybrid plutei. 
The Strongylocentrotus eggs, fertilized with homologous or heterologous sper-
matozoa, developed into plutei 3- 5 days after insemination. The morphological 
characters of the plutei are described below. 
S. nudus pluteus. 
The fertilized S. nudus eggs developed to the fully grown plutei 4-5 days after 
insemination. The pluteus has elongated anal arms and an expanded oral lobe. 
The vertex part was somewhat plump with a round apex. The anal rods were 
single long spicules without fenestrating. The ventral transverse rods grew 
towards each other, fusing in the ventral side of the median plane. The oral vertex 
rods were growing from the base of the oral rods towards the apex. The body 
rods (anal vertex-rods), which extended in anal side towards the apex, branched 
small protrusions. Their thick irregular ends were bended towards each other 
(Figures 2 a-c, 3 a-c, 4 a and 5 a-c). 
S. intermedius plutetts. 
The pluteus form was pointed cone-like. The anal arms were short and the 
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oral lobe stretched out faintly. The anal rods were singly spicular as in the S. 
nudus pluteus. The stick-like body rods were straight, thickening towards the 
apex without branching and bending, and the paired rods crossed each to other 
with an acute angle, resulting in sharply pointed shape of the apex. The trans-
a b c 
~d e 
Figure 2. Plutei of S. nudus, S. intermedius and their hybrids. About 4 days after 
insemination. 
a-c: S. nudus eggs x S. nudus sperm. 
d-f: S. nudus eggs x S . intermedius sperm. 
g-i : S. intermedius eggs X S. nudus sperm. 
j-1: S. intermedius eggs x S. nudus sperm. 
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Figure 3. Plutei of S. nudus, S. intermidius and their hybrid. About 5 da.ys after insemi-
nation. 
a-c: S. nudus eggs x S. nudus sperm. 
d-f: S . intermedius eggs x S. nudus sperm 
g-i: S. intermedius eggs x S. inte1·medius sperm. 
verse rods were short, separating widely each to other. The oral vertex rods were 
absent or developed faintly (Figures 2 j-1, 3 g-i, 4d and 6e-g). 
Hybrid, S. nudus egg x S . intermedius spennatozoon. 
The eA'ternal form of the hybrid was similar to S. nudus. The pairing trans-
verse rods elongated towards each other, but remained separately without fusing. 
The elongation of the transverse rods reflects S . nudus nature, >vhile on separation 
these rods seem to be influenced more strongly by S. intermedius nucleus. The 
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Figure 4. Body rods in plutei of S . nudus, S . intm·medius and their hybrids. 
a: Homospermic S. nudus, bended body rod with branching. 
b: H ybrid, S. mtdus egg x S. intermedius sp<~rm. 
c: Hybrid, S. intl·medius egg x S . nudus sperm. 
d: H omospermic S. intermedius, straight rod without branching. 
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anal vertex rods, which were straight without bending, branched many small protru-
sion. Therefore, the apex shape was acutely angular as in S. intenneditts pultei. The 
oral vertex rods were generally absent, but often developed slightly. (Figures 
2 d-f, 4 b and 5 d-f). 
H ybrid, S. intermedius egg x S. nudus spermatozoon. 
The whole shape was intermediate. The size is similar to S. inte1·meditts. 
The anal arms were short and the oral lobe stretched faintly. The transverse rods 
developed, but they were separated each to other as in the reciprocal hybrid. The 
oral vertex rods were absent or developed faintly. The anal vertex rods were 
straight stick-like, branching small protuberances in vertex zone. 
DISCUSSION 
Cross fertilization has been known to be promoted by treating eggs with 
trypsin (BoHus JENSEN 1953, HULTIN 1948). In the crossing between Hemicen-
tmtus pttlchen·imus and Glyptocida1·is crenularis fertilization increased remarkably 
by the treatment with various kinds of proteolytic enzymes, such as chymotrypsin, 
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IOO,U. 
Figure 5. Plutei developed from S. nudus eggs fertilized '~ith S: nU:Z,us sperm (a-c) and 
with S. intermedius sperm (d-f). About 4 days after msemmatiOn. Sketched after 
fixation with BAKER's calcium-formalin solution. 
Table 5 
Characteristics in plutei of S. nudus, S. intermedius and their hybrids. 
Nxn Nxi Ixn I xi 
Anal arm long long long short 
Oral lobe expanded expanded expanded or faintly, stretched 
intermediate 
Anal rod single, single, single, single, 
spicular spicular spicular spicular 
Transverse rod long, intermediate, intermediate, short, 
fused separated separat.ed separated 
Oral vertex rod developed absent or slightly slightly developed absent or slightly 
developed developed 
Anal vertex rod bended, straight, straight, branching straight, 
(body rod) branching branching no~ branching 
Vertex shape round intermediate intermediate sharp 
Abbreviation: Same m Table 1. 
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Figure 6. Plutei developed from S. intermedius eggs fertilized with S. nudus sperm (a-d) 
and S. intermedius sperm (e-g). About 4 days after insemination. Sketched after fixing 
with BAKER's solution. 
pancreatin, papain and pronase (OSANAI 1972, 1973). From the present experi-
ments, it is ascertained that the Strongylocentrotus eggs. are promoted also in cross 
fertilizability by the pretreatment with pronase or pancreatin. These results sup-
port the opinion that species specific blocking against heterologous spermatozoa is 
attributed to protenous factors residing in the vitelline membane (Of. HULTIN 1948, 
A.KETA et al. 1972, 0SANAI 1973). 
The characteristics of the hybrid plutei between S. nudus and S. intermedius 
shown in the pesent paper are biparental as in those of the hybrids of Hemicentrotus 
and Glyptocidaris reported in the previous papers (OSANAI 1972, 1973). Whether 
each of hybrid characters in the present combinations is maternal or paternal is 
summarized in Table 6. The development of the anal arms and the oral lobe and 
the branching of the anal vertex rods are similar to S. nudus in both combinations, 
N Xi and I X n. Therefore, these characters are considered to be inherited by the 
S. nudus nucleus. On the other hand, the transverse rods, which are separated each 
to other without fusing in median plane, and the body rods, straight without bend-
ing, reflect S. intermedius characteristics. These characters seem to be controlled 
by the S. intermedius nucleus. 
In the heterospermic merogons between Paracentrotus Uvidus and Psammechinus 
microtuberculatus, Horstailius (1936) described that the apical structures of the body 
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Table 6 
Inheritancy of hybrid characters 
S. nudus eegx S. intermedius egg xI Inheritancy 8. intermedius sperm S. nudus sperm 
Length of anal arm N-type N-type N-nucleus dominant 
Development of oral lobe N-type N~type or N~nucleus dominant 
Intermediate 
Transverse rod: 
Length Intermediate Intermediate Biparental 
Fusing or separating !-type !-type !~nucleus dominant 
Oral vertex rod I-type !-type !~nucleus dominant 
Anal vertex rod: 
Branching or protubering N-type N-type N-nucleua dominant 
Bending or straighting !-type !-type !-nucleus dominant 
Shape of vertex Intermediate Intermediate Biparental 
AbbreviatiOn: N, S. nudus; I, S. ~ntermedius. 
rods are not controlled by maternal cytoplasm, but by heterospermic nuclei (cited 
from H6rstadius 1973). This fact suggests that the terminal structure of the body 
rods is determined by the new zygote nucleus in diploid hybridization. Thus, it 
seems in the present combination that the S. nudus gemome is dominant in the pheno-
type experssion of the anal arms and the oral lobe, and the S. intermedius gemome 
dominant in the transverse rods and the oral vertex rods. The vertex shape is inter-
mediate. This may be attributed to the facts that the body rod characters are con-
trolled in one part by the S. nudus nucleus and in the other by the S. intermedius 
nucleus. 
SUMMARY 
The crossing between two sea urchins, Strongylocentrotus nudus and Strongylo-
centrotus intermedius were attempted. Some of the eggs were fertilized with 
heterologous sperm, developing into plutei. The characteristics of the hybrid 
pultei were biparental type. The inheritancy of larval characters was described. 
Cross fertilization was very low in the combination of S. nudus eggs and S. inter-
medius sperm, but the fertilizability was markedly increased by treating the eggs 
with proteases, such as pancreatin and pronase. 
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